contain both. The interspecific distribution of these substances would thus suggest that they play a part in respiratory processes, as has been suggested for animal tissues (Wolstenholme & O'Connor, 1961) . The sites of oxygen utilization and energy production are, in animal tissues, the mitochondria, but bacteria contain no analogous structures. Instead, the electron-transport enzymes appear to be located in the cell membrane (Marr & Cota-Robles, 1957; Mitchell & Moyle, 1956;  Nakada, Nozu & Kondo, 1958; Weibull, Beckman & Bergstrom, 1959) . This paper presents evidence that vitamin K and ubiquinone are similarly located.
Techniques for studying the intracellular distribution of cell constituents are less highly developed for bacterial than for mammalian cells. Three methods are employed here:
(a) Disruption of the cells by freezing and the sudden application of high pressures (Hughes, 1951) . The soluble cell contents escape leaving the cell walls with the membranes attached.
(b) Ultrasonic disintegration, which not only breaks open the cells but also disrupts the 'hulls', i.e. the cell walLs with the membranes attached. The hulls break down only on prolonged treatment to yield particles too small to be precipitated by centrifuging at moderate speed. This forms the basis of the method of 'differential release' described by Marr & Cota-Robles (1957) . When a bacterial suspension is subjected to ultrasonic treatment the fall in cell count and fall in turbidity are both exponential but the time-constants are different. If a cell constituent is located entirely in the soluble contents of the cell its release from the * Part 1: Bishop, Pandya & King (1962). cell will follow the same time-relation as the drop in cell count. On the other hand, components of the hulls will pass into the supernatant fraction at a rate corresponding to the loss in turbidity.
(c) Neither of these methods distinguishes between cell-wall and plasma-membrane constituents. Preparation and analysis of the plasma membranes themselves is possible, however, in Micrococcu8 ly8odeikticu8 by treatment with lysozyme, which hyrolyses the cell-wall material of this organism into products of relatively low molecular weight. The naked cells (or 'protoplasts') then rupture osmotically. The contents escape, and the only solid materials left are the ruptured cell membranes; these may be collected by centrifuging.
EXPERIMENTAL Organiam8
Micrococcus lysodeikticus (N.C.T.C. 2665) and Escherichia coli (laboratory stock strain no. 106) were maintained on nutrient agar. E. coli was grown on a simple glucose-salts medium at 370 and harvested at the end of the logarithmic phase (18 hr.). M. ly8odeikticu was harvested after growth for 48 hr. at 300 in nutrient broth. Both organisms were grown in 15 1. batches with forced aeration as described by Bishop et al. (1962) . The harvested cultures were washed three times with 2 1. of water and proved free of contamination by microscopic examination and by plating on nutrient agar.
Disintegration of bacteria
Hughes pre8s. E. coli, 25 g. wet wt. (6-5 g. dry wt.), was suspended in 50 ml. of water and treated without abrasive at -20°in a Hughes (1951) press, modified for treatment of larger amounts of material (Sutton & King, 1962 The material deposited in the centrifuge ('residue 1'; 3-41 g. dry wt., equivalent to 52% of cell material) was freeze-dried and extracted with methanol to yield 110 mg. of lipid.
Ultrasonic disintegration. The washed bacteria were suspended in water (200 mg. wet wt./ml.) and treated in 5 ml. batches in the MSE ultrasonic disintegrator, operating at 60w and at 20 kcyc./sec. for the times stated. Before treatment oxygen was removed by flushing the solution with nitrogen. A salt-ice bath kept the temperature below 50. Turbidity measurements and total cell counts (also viable counts with E. coli) were made before and after disintegration. Portions (50 ml.) of the combined ultrasonically-treated bacteria were then centrifuged (E. coli, 75 OOOg for 100 min.; M. lysodeikticus, 20 OOOg for 10 min.).
The supernatants were then assayed for phosphorus, nitrogen, total nucleic acid, cytochrome and (E. coli) glutamate decarboxylase or (M. lysodeikticus) carotenoids. The centrifuged deposits, consisting of hull residues and unbroken cells, were freeze-dried and extracted with methanol to obtain the lipid for vitamin K, ubiquinone and (for M. lysodeikticus) carotenoid.
Protoplast membranes Batches (1-5 1.) of M. lysodeikticus were grown and harvested as above, then washed thrice in 21. of 0-05m-sodium phosphate buffer, pH 7-0, and suspended (6-9 g. dry wt.) in 690 ml. of this buffer. Lysozyme hydrochloride (from egg white; L. Light and Co.) (40 mg.) and sodium chloride (124 mg.) were added. After being left for 30 min.
at room temperature (200) the cells were lysed and a clear orange-yellow solution was obtained. The viscosity of this solution was decreased by treatment for 30 min. at room temperature with 10 mg. of deoxyribonuclease. The solution was then centrifuged at 20 OOOg for 30 min. Very little more material was spun down on continuing the centrifuging for a further 30 min. The deposited material was washed three times by centrifuging at 20 O)Og for 10 min. with 0-05M-sodium chloride (100 ml.). Electron microscopy showed an almost pure preparation of protoplast membranes. The membrane fraction ('residues 2'; 0-67 g. dry wt., equivalent to 9-8% of cell material) was extracted with methanol to obtain the lipids. The supernatant and first two washings were combined and the whole ('supernatant 2' fraction; 880 ml.) was extractedthrice with 400 ml. of ether. Methanol (2400 ml.) was then added and, after being refluxed for 60 min., the mixture was extracted with 3 x 1000 ml. of ether. The ether extracts were distilled to reduce bulk, dried with anhydrous sodium sulphate and then evaporated to dryness to yield 24 mg. of lipid.
Analytical methods Chromatography of lipids and determination of vitamin K and ubiquinone. The methods used followed closely those described by Bishop et al. (1962) (Bishop, 1962 Where the characteristic spectra of ubiquinone or vitamin K could not be seen, the amount present is reported as 'less than' the amount which would have been present if the whole of the absorption at the appropriate wavelengths were attributable to the substance in question. The actual amount present would certainly be far below the limiting figures quoted.
Cell counts. Total cell counts were made in a haemocytometer, viable counts by plating in nutrient agar.
Turbidity. This was measured in an EEL portable colorimeter (Evans Electroselenium Ltd.) without a filter.
Phosphorus and nitrogen. Total P was determined after perchloric acid digestion, by the method of King & Wooton (1956) . Nitrogen was estimated by the micro-Kjeldahl method.
Total nucleic acids. In clear supernatants these were estimated by the extinction at 260 mt; in whole cells of M. lysodeikticus the same method was used after lysis with lysozyme and treatment with deoxyribonuclease.
Cytochrome Escherichia coli. In Fig. 1 (a) the logarithms of the total and viable cell counts are plotted against time, and the nearly-coincident straight-line relationships show both that there is an exponential rate of fall and that visible damage to the cell is a good measure of lethal action. If the fall in turbidity is taken to represent disintegration of the hulls, this too follows the same law but with a different time-constant. In Figs. 1 (a) and 1 (b) , dry weight, nitrogen and phosphorus are expressed as the logarithm of the percentage of the initial amount retained in the solid particles. Nitrogen and phosphorus show (to different extents) the pattem of an initial release at a rate comparable with that of cell breakage, changing later to a slower rate which corresponds roughly to the decrease in turbidity. These are therefore cell constituents which are partly components of the soluble cell contents and partly of the insoluble cell hull. Total nucleic acids, on the other hand, follow closely the fall in cell count (Fig. lb) , suggesting that they are mostly in the soluble cell contents. Cytochrome, however, follows the pattern of hull (1962) . disintegration (Fig. lb) . The enzyme, glutamate decarboxylase, was included to test the behaviour of a metabolically active component of the cell, long regarded as a 'soluble' material. Its release follows closely the breaking and death of the cells themselves (Fig. 1c) . The concepts of Marr & CotaRobles (1957) , worked out on Azobacter vinelandii, thus appear equally valid for E. coli.
The 'total lipid' (i.e. the methanol-soluble cell material) shows an intermediate pattem of release similar to that of total nitrogen, although ubiquinone and vitamin K follow a linear relationship at the same slope as the fall in turbidity (Fig. 1c) . The points for vitamin K show some scatter, but this labile substance cannot be assayed as accurately as the other cell constituents considered here.
Micrococcus lysodeikticus. The cells of M. lysodeiktiCwu were killed by ultrasonic treatment rather more slowly than those of E. coli, although the rate of breakage of the hulls was about the same in both organisms. The behaviour of nitrogen, phosphorus, nucleic acid and cytochrome follows similar pattems in the two organisms. M. lysodeikticus contains no ubiquinone; the behaviour of vitamin K, however, suggests that it is predominantly a component of the hulls. This organism also contains an appreciable amount of carotenoid pigment, and this appears to be distributed between the hulls and the cell contents.
Protoplast membranes in Micrococcus lysodeikticus
M. lysodeikticus was treated with lysozyme and the plasma membranes were centrifuged down and washed, as described in the Experimental section.
The vitamin K content [show-n to be the K2-45 isoprenologue by paper chromatography (Bishop, 1962) ] was estimated in the original cells, in the membrane fraction and in the supernatant, which contained both the cell contents and the lysozymedegradation products of the cell wall. The agreement of the differential-release method with the results of the direct analysis of the membranes themselves thus gives us confidence in the results of the method for not only M. Iysodeikticus but also E. coli, where the preparation of cell membranes was not feasible. Here the differentialrelease method suggests that both ubiquinone and vitamin K are largely, if not exclusively, hull components; and this is supported by the evidence from cells disintegrated in the Hughes (1951) press. In the aniimal cell, ubiquinone is present to the same extent (about lumole/g. dry wt.) as in Gramnegative bacteria; it occurs mainly if not exclusively in the mitochondria. Vitamin K is present in animal cells at a much lower concentration; its distribution within the cell has not been firmly established. In bacteria the two quinones appear to be located in the cell membrane, the region believed to be the site of many mitochondrial functions. It would be rash to ascribe to the quinones a function on electron-transport on these grounds alone, for in M. lysodeikticus over 90 % of the total lipid of the organism is found in the membrane (Maefarlane, 1961) . This is the region, therefore, in which lipid components would be expected to occur. The present findings are, however, quite consistent with a respiratory function for these quinones. SUMMARY 1. The intracellular distribution of ubiquinone and vitamin K in certain bacteria has been investigated.
2. Suspensions of E8cherichia coli were frozen and the cells broken by mechanical shock in the Hughes (1951) bacterial press. Both the vitamin K and the ubiquinone of this organism were found exclusively in the insoluble cell residues, representing the cell walls plus the plasma membranes.
3. Protoplast membranes were obtained from Micrococcus lysodeikticus by treating the cells with lysozyme followed by differential centrifuging. The entire vitamin K content of the organism was recovered from the membranes. This organism does not contain ubiquinone.
